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ECOITOOEXCS OF TEE UTIL~L4TIOPI OF ELECTRICI'Ff 

E. P. COOL 

WESTIPG3OUSE ELECTRIC CORPORI~TIGPI, EAST PITTSBLRGH, PENJJSYLVAKU 

E l e c t r i c i t y  i:: n I iL~h ly .  sophistica.te?. and soaewhat a b s t r a c t  form of energy. 
Once pro,5.uce.i, u o u d i y  Irorii some source o:? tl.iei-f&L enei-27, e l e c t r i c i t y  e x i s t s  but 
a f r a c t i o n  oi 2. secojl.! before b e h z  conswxd i n  usefu l  work. ASout 35 t o  40 per- 
cen t  of t h e  oriSina1 t:>emal eilerzr .reaches t h e  dtimn-te consumer. 
pet.it.ive adw.nta;e 0-; t h i s  s l t u a t i o n ,  css and oil i n t e r e s t s  a r e  cur ren t ly  pro- 
!::o'cin;; 'Le coneelst 0:: C.ei.ivery o:Y enerzp 5.n -?oss!.l f u e l  fonn t o  t he  ConsuIIier, 
wiL: i  on-s.i.te coi1vcrsLoil t o  e1ectr-i-cal ei ierg.  
nom.,dly vaste.3 i n  -Li)ie conversPon process , permits ove ra l l  t heo re t i c s1  eSfj.cien- 
c i e s  ziJpr'oa.cilinL $0 percent.. 
v:xc'c .?Oi-:., 0.- ener,;;. -to llse at the poill-t 0:; ut,il-izal;ion, 'out, if -the choice i s  
e l - ec t r i c i ty ,  T,,C:e-L>ey ho pl1i-ci~.?.se it d.irec-Lly o r  t o  produce it il..i.r!lself. 

Taiiinc com- 

Judic lous  use of thexmal energy, 

The user o:l' enerLy mist the re fo re  deci6.e not o n l y  

. 

T:!e c;~oic-. 0; dec.krj.cj.-Ly st %;>.e l io?-at of u:ti!.ization i s  mandat,or;- for those 
3.evices Siat ,.?.qcii?. on Yfie p e c u l i a r  cha rac t e r i s t i c s  of elr. -?.city, su-ch as e lec-  
t r o n i c  Cevices ail:;. c!.ocls. 
f i r e  i s  not  coI1Venlei1t ?OY such 3.evices as t o a s t e r s ;  i rons ,  snidl motors and 
i n t e r i o r  L!.:ht.;. Econorr~ics ?-.a;. !!iet,ste the cho:;ce of e l e c t r i c i t y  o r  other enei-pj 
smi.rces fo i*  hcakiil; r o l : ~ . i  co013.n~ -!.ev-ice:j an?. h r z e  r o t a t i o n a l  looris. 

E l e c t r i c i t y  :my be chosen sir.zply because builclinz a 

Canveiiielr.ce c s  ire11 as econoci:ics, C c t a t e s  t h a t  e l e c t r i c i t y  be purchased 
for use r s  02 relative1.y small quan t i t i e s  of energ[ such 8s  residences and small 
cornii.eic<.al establishaen-ts . For. l e r g e  users  OF enera ' ,  such es  i n d u s t r i a l  p l an t s  
and some lai-ze builribngs, economics i s  .the over-ri3.ini: c r i t e r i o n  Cor deciding 
whether t o  purchese e l e c t r i c i t y  o r  to Generate -it l o c d l y .  

The r eminde r  of th i s  paper  i s  -levoted t o  two p resen t ly  it?por'cant areas of 
e n e r y  source co;np&~ftion: :T-irst, t he  economics of l o c a l  generation ins tead  OC 
Turchased. e l e c t r i c i t y  :?or coimerc ia l  builrJinZs, and secon-I., t h e  u t i l i z a t i o n  oi' 
e l ec t i - i c i ty  for enviroment  cond.itionin;. 

An i s o l c t e d  zeneration system cu r ren t ly  being psomoted for ener,v supply t o  

The zeneration suypl ies  l i s h t i n g ,  
The waste hea t  recovery 

cormercial bu-i 1.1.in;s c o n s i s t s  of 2z.s turbi.ne or naturd .  gas engf-ne senera t ion  
conbinec? rrith D means of Tmste heat recoveiy . 
i:?otor, and. o ther  a i sce l laneous  e l e c t r i c  equipment. 
equipment su2plies m r i o u s  thermal. requirements such as hot we.ter,heatin& and 
steam absorp t ion  refriLerat.tion machines Yor air conditioning. Tie economics vi11 
f avor  i so l a t ed  zenerntion o n l y  i f  t h e  e n e r u  cos t  saving affort1.e.F. by the  i so l a t ed  
generation systeill, coqxrec? t o  conventional e n e r u  supply, more than  off sets the  
ariditj.ona.l cap i t a l  eipeilditui-es required. for t h e  i s o l a t e d  generating and waste 
heat recovery equipnent. Tne followin:: economic ana lys i s  was perfomed i n  order 
t o  ob ta in  a rou;gh eva lua t ion  OP t h e  i so l a t ed  generation concept. , 

A 64,000 square roo t  o f f i c e  build.j.ne iras se lec ted  f o r  study t o  represent an 
average s i z e  o f f i ce  bui ldin"  r e q u i r i n s  3. t y p i c a l  r a t i n g  of .an i so l a t ed  generation 
plant.  Twelve cizjor c i t i e s  sca,ttered throughout the United S t a t e s  vere studied 
in or?er to  repi-esent d i f f e r e n t  cli izates and r e l a t i v e  rates Tor e l e c t r i c i t y  and 
gas. 
promote6 a t  -the present  time as havinz the S rea t e s t  long-range potential.. 

T ie  s inp le  ~ a s  t u r b i n e  system vzs se l ec t ed  because th i s  system i s  being 

For each of the twelve c i t i e s ,  t he  t v o  bas i c  nethods of e n e r u  supply which 



243 

e;] as :PoLloi?:;: 

c u-t i l i t?y sqJply5.n;; i-asic e l e c t r i c  londs F.ii'.l. elect,i:.Lc 
on ii!~ch!.nen ?o: c i . ~  condi'tionin2. G a s  n t i l i t y  suL3ply- 

Conven6iox.l: 

Is  alate,;. Geiic j:?,'i. io;-> : Gas u t i 1  it,y suppl . sas tur'nine ;;enerator uni'is, 
uhic'i i n  tl1.!:il. su?yly e l e c t r i c i t y  -01' t h e  ba,s:lc e l e c t r i c  1oad.s; and, 
'21irovgIi a .,ieste q,ply stennl >?or henti;;;, hot. F r x t c I ' ,  s-teaiii 
eb sar$:loi: .:.e:-zi ies :;or eir c o n d i t i o n i l ~ ~ ,  an:;. o ther  
c:iscellancoun iises . All e l e c t r i c  !.oai:.s are suppliec? at  e freqL1.ency o f  
60 c.p.s.  

n r  IIX isolste,.l ;eiielation nys'cen consizts  o:: two noimzlly operat ing turbine 
C;eneratoy r,et,s i r i th  n this:]. s e t  used. as c qmiie. Generating frequency i s  60 
circles 1" per secon.1. 
folloiiin; cond..it.ioiis: sea l.evel, 70" F. ii-det eir -i;eiiipel~ituie, tvo inches 0:- 

.,,Le? - 

Ener! 2: Cost Aii?ll;ses 

Ez.Ci? turbine Senera-Lor s e t  i s  r a t e 6  E t  2511 131 with t h e  

inlet ;~xesnm:e Loss, an,.?. e i > t  inches o r  i7atei- exhaust p?:'essu_re l o s s .  

411 of the e i . i e r 3  cos t  analyses Irere ezfie using i? spec ia l  ? i g i t a l  coinputer 
grograzi ievelppe.2 ::~r  at puiyose .1 
puter 2rop?,i:i is shown i n  FiZu1-e 1. 
e l e c t r i c a l  loa lh  i n  t h e  building basell on hourly schedules of bui ld ing  usages, 
buj.ldin5 p h y s i c d  c l ia rec te r i s t ics ,  boiii-ly solzi- anzles  and r a d i a t i o n  i n t e n s i t i e s  
an?. complete h o ~ r l y  ver ther  &aka ior each 02: t he  c i t i e s .  
ava i lab le  in csr3. O i m  ! m p e t i c  tape Porn C'i-o~i the United S t a t e s  Weather Records 
Center. Once the  I10ui'ly 1oad.s a r e  synthesize3, the  program s i m u l a t e s  the  opera- 
t i o n  OC "ne convexLional or on-si te  e n e r a  su2pl;i system i n  or%ey t o  c d c u l a t e  
hourly inpu-t enerE=; requirei:ients. Tie lo s t  s t e p  i n  the  pro5rar.i i s  t o  appljr- cpe- 
c i f i c  u t i l i t y  r n t e  schedules t o  the i n p t  enerLy r e q ~ ~ i r e m e n t s  i n  order t o  de te r -  
mine monthly epez-zr c o s t s .  This procram i s  coded for use on an I.B.M. (Inter- 
national Business I<achines) 7094 d i g i t a l  cos!pu-.ter.. 

A simpli:?ie,i l o g i c  flow cliegam of the colil- 
The program synthesizes  -the hourly steam and 

The weetine!: date is 

Annual Ovning and OperstinC; Costs 

Aci?.itional equiprent  required f o r  the  isolaterl  enei-ar su-pply system i s  
l i s t e d  i n  Table 1. TIJO se t s  of cost  -fi$u.es a r e  includeci.: p resent  pieces  based 
on current  price estinia-tes, an3. pred-ictecl p r i c e s  based on the : isolate3 generat ins  
concept achievin;; sc.;"ficient acceptance t o  r e s u l t  i n  hizh volume production oi" 
cae gas txrbines. L 7  

The annual c o s t s  of the  c a p i t a l  expenciitures required by the i s o l a t e d  genere- 
t i o n  system are based. on 8 c a p i t a l  recovery i a c t o r  o_' 8.7 percent  vihich, i n  tu rn ,  
i s  base,d on an amor-tization period of 20 years  and a r e t u r n  oi" s i x  percent  on the  
un:lepreciated j.nvez'i.:nen'i.. 
insurance.  'Elus t he  aiinual f ixed  charze ra-te i s  11 .2  percent .  

An ad-d-itional 2.5 percent  i s  inclv.ded Cor t axes  and 

Tie t o t a l  annual o:min; and operntin; COS-t, e::clu.ding f u e l ,  of the isolated 
system i s  the  sw.! oln the  f ixed charges end the  riiaintenance cos ts ,  as l i s tec i  i n  
Tvble 2.  
c ia ted  with the on-s:lte systen.  

Thf.s cos-t is then t o  be co[;?i>8,re;l vi'ih 'the saving. i n  e n e r a  cos t  zsso- 

Economic Results 

Tile r e s u l t s  of this econoniic analysi:; el-c shown Z r a p h i c d l y  by Figure 2. 
T:;e bel- 2re.piIs' represent tile savin;: i n  a n n u d  Cost O f  ti?c i s o l a t e d  generation 
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system c0ii;pai.e::. t o  t h e  conventional cyshi1. P>.e h o r i z o n t d  l i n e s  represen-t the 
increase i i i  o~nij.ny enJ. opezatiilC costs  (cxcluil.ing -bel) charzealde t o  the i so -  #,, 

1 late,;. -enerpb"iion system. 

l%e r e s d t s  s:.~oir t h r t  t h e  i s o l a t e %  senera t ion  concept i s  not the economic 
choice i n  a n y  of 'die t ve lve  c i t i e s  when consid.erin@ present  p r i ce  esti inates.  

he tilie economic clioLce foii t h i s  bu.il6.ing i n  C?icazo end Atlanta and v o d d  be 
i.mrEi:ial i n  bli.nncapolis st. h u i s  all.', Jsc!rsonville . 

, Using pre?.icte<. Pnture production pi-ices, .the isolateci  Zenemtion concept would 

ELECTRICITY FOR ~ ~ O ~ ~ ~ T T l ?  CONDITIONING 

I Elec t r i c i . t g  i-my be ii.tflized for enxrironiiient cond.itionine i n  two kas i c  nian- 
ners .  E l e c t r i c a l  e n e r s  ixay simply be converted beck t o  thermal e n e r a -  end 
3 r e c t l y  used Tor space iieatinC. 
p l i s k 5  at. 100 percent e f f i c i e n c y  , t he  ove ra l l  e f f i c i ency  fron the  thermal e n e r a  
a t  t h e  paver $ant  t o  t he  u t i l i z a t i o n  poin t  remains a t  35 t o  40 percent.  Thu.s it 
i s  , i i ;"f icul t  f o r  e l e c t r i c i t y  t o  compete on a s t r i c t l y  e n e r a  cost  b a s i s  with B 

i 'ossil  fuel :;ystei-'! having an ove ra l l  e f f i c i ency  of about 65 percent.  
a t i o n  i s  sCemonstrate3 by Figure which silows '& number o f  c i t t e s ,  out of a 
se1ecte:i sa:.iole o? 26, Ziat have the  iiidicated r a t i o s  of gas hea t in s  cos t s  t o  
e l e c t r i c  hea t in2  cos t s  :?or residences.  The cos t  r a t i o s  apply t o  energy on ly  and 
assume an o v e r d l  gas system e f f i c i ency  0.; 65 percent,  and t h a t  a 10 percent 
savings can be redizei:  v i t h  the e l e c t r l c  hea t ing  system through t h e  use of 
ciive r s icied. 'iemperc?ture con t ro l  - 

Even thoush t h i s  e n e r w  reconversion is  accom- 

,"I 
1 This s i t u -  

\ One must be ami-e,  of course, that the total economic p l c tu re  includes f i r s t  
cos t s  of tihe s y s t e m ,  6.ilferentia.l s t ruc tu re  cos t s  and maintenance costs ,  all of 
which tend t o  l"avor e l e c t r i c  res i s tance  heatin: over a f o s s i l  fuel system. This 
is  subs t an t i a t ed  hy t h e  fact tiiat e l e c t r i c  res i s tance  heating Fs quite  comnonly 
u t i l i z e ?  i n  ce r t a in  areas of .mild climates,  where, regard less  of t he  competitive 
r a t e  s i t u a t i o n ,  t o t a l  hea t ing  ener&y b i l l s  are r e l a t i v e l y  low. 

E l e c t r i c ?  t y  i s  a uniquely convenient means of supplying ro t a t iona l  loads 
over a complete spectrum of ma@.tudes. 
zSn,c e l e c t r i c i t y  _;or environment con3itionins i s  t h r o w h  tne  use of e l e c t r i c  
motor-driven r e r r ige ra t ion  compressors. These devices may be e i t h e r  r e f r i e e r a -  
t i o n  u n i t s  j u s t  :or cooling, or heat  pumps for hoth iieating and cool int .  

Consequently tine second means of u t i l i -  - 

E l e c t r i c  motor-?.riven r e f r i g e r a t i o n  u n i t s  compete qui te  fevorably with any 
o ther  type of coolins on t h e  b a s i s  of f i r s t  cos t s  and operatin2 costs .  
f o r  example; t h e  300-ton steam absorption an6. e l e c t r i c  dr ive c e n t r i f u g d  r e f r i g -  
e r a t i o n  machines studied i n  conjunction with t h e  i so l a t ed  generation system 
reported previously i n  this paper. Tae steam absorption machine, compared t o  t i e  
e l e c t r i c - d r i v e  iliachine, requi red  7.25 times as much e n e r u  t o  the machine i t s e l f ,  
25 percent nore aux i l i a ry  power, and cost  over 1.5 d o l l a r s  per ton  more i n  f i r s t  
cos t .  Econornicdly j u s t i f y i n g  tihe steam absorption machine would be d i f f i c u l t  
unless t he  steam or f o s s i l  fuel were very inexpensive by-products of another 
process,  or t i e  e l e c t r i c a l  e n e r g  vere unusually expensive. 

Consider, 

The heat pmp inproves,  t o  a considerable extent ,  t he  a b i l i t y  of e l e c t r i c i t y  
t o  coiiipete u i t i ' j ? o s s i l  f u e l s  on t h e  'oesis of hea t ing  energy cost .  This reverse- 
cycle r e f r iLe ra t ion  u n i t  permits t h e  u t i l i z a t i o n  ol" f r e e  heat a m i l a b l e  from such 
mecliums as t h e  ouiside a i r .  A typj-cal  peri'ornance f a c t o r  for a r e s i d e n t i a l  air-  
source heat, pun?  Is two. This  may be considered. t o  be an a n n u d  e f f i c i ency  of 
200 percent,  consid.erin5 e l e c t r i c i t y  as the  oriLy chargeable input e n e r u  source. 
The r e l a t i v e  s ign i f icance  of t h e  heating e n e r a  cos t  f o r  a r e s i d e n t i a l  hea t  p u p  
may be seen by F i p r e  3B. .Since t h e  heat purnp i s  a cen t r a l  system, no savings i s  
assumed f o r  6.iversi:f-ied tenpera ture  control .  Note tiiat the heat pump i s  
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The i.soieti-.:. ,enc!ntiion ana!.ysis presei1t.e;. i n  t h i s  paper. is but one of many 
:>e:-:To:cm3 by t?-e a&&Oj: on S u i l i l i n ~ s  i*znZink i n  sl.7,e ??on? uxkr 100,000 square 
Ceet to ove; 5OO,OOO square f e e t . 1  Isole'ied senerat ion has not pi'over!. t o  be t i e  

eiiJ&ky econo;J-i.c choice 3.3 any of thme stixites. For isolated Ccneration Lo 
been ecoiiotii;.cal. :.roiiid have requY.re6. a. highei- .than usua l  .thei%ial load fac tor ,  

am.-', e i t h e r  none OF r e l e t i v e l y  ~ O T J  :ain.acial re-turn required on t h e  ?.d?it,lonal 
c a F l t a l  e:.:peniitu.i-e. 

E1ecC.rj.c resistance heat ing i o  not. C;eneral.ly t h e  economic choice of space 
he.at5.n;; enerL7 soui-ce i n  arens with an odequuatc supply of F o s s i l  f u e l s .  
of the  ecoiioliiics; hovevei', e lec t i - ic  Yeatiny i s  ;:-OIJ~II~ i n  use, oeeninSly because 

E l e c t : - i c ? t y  i s  'cbz cconoriic choice i n  riian!; arezs over. fossil f u e l s  ?or environ- 
riont hezLii7; enc1. ccolj.nc tilrov.C;h the  use of e heat  p ~ ~ p .  

I n  s p i t e  

ieJ e-L'"ects of Lei ierd desirability ant! at l e a s t  acceptable costs.  

. 
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T.43r.E 1 - IS0Lfi.m TIOX EQUPiWNl‘ COSTS /- --- I 

TCTf‘L CGSTS FOR QU.4NTITY RE&ZED 
Quant i ty  Present Production 9 

TCC-fiL S 250,100 $ 160,400 -1 

elieraior set c o n i ~ l e t e  u i t h  3 $ 173,800 $ 96,300 I 

n;: arrangemeilt, p r o k c t i o n ,  I 

5i;let r , i i  cooler  ( e m F o r a t i - e )  

Ite!ii 

C ita1 Recovery 
Taxes and Insurance 

- 
1 

2 

Present Production 
Cost c o s t  

$; 21,500 
5,200 

$ 14,000 
4,000 

T(YC74.L FIXXI COST q 28,000 5 18,000 

Turbine lbintenance 3 1, so0 1,200 

TOT”lL i?INJ>L COST EXCLUBDTG FWL $ 29,800 $ 19,200 

’ 1. s i x  percent r e t u n ,  Z O - y e a r  depreciation: 0.75‘. 
2. 2.55 
3. $;.15/turi,ire hour  - Fresent cos t  

$ . l / tu rb ine  ilour - production cos t  
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EL ECTRlC 
RESISTANCE 
HEAT 

A 

0.5 I .o 1.5 2.0 

ELECTRIC B 

HEAT PUMP 
HEAT 

I I  I I I I I I I I  I 
0.5 I .o 1.5 2.0 

GAS HEATING COST/ELECTRIC HEATING COST 

Fig. 3. Rat io  of gas heat ing cos t  t o  e l e c t r i c  
heat ing cost for 26 U.S. c i t i e s .  
heat. B - Heat pump heat.  

A - Resistance 


